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Description 



[0001 ] The invention pertains to a process for shaping 
an elongated hollow metal body that is preferably an alu- 
minum alloy extrusion. Shaped extrusions made by the 
process of the invention are used as vehicle body com- 
ponents. 

[0002] WO-A-94/22611 (figures 1 and 2) discloses a 
process in accordance with the preamble of claim 1 
[0003] Aluminum alloy extrusions have long been 
used as components of vehicles, including automobiles 
trucks, boats and aircraft. Such extrusions are typically 
made by a process wherein a heated ingot or billet is 
forced through a die opening under pressure to form an 
elongated body such as a channel, tube or angle The 
extruded product is generally forced through a die at 
forces in the 4.448*1 0 6 N to 1 .334-1 0* N (500 to 1 5 000 
ton) range. The extrusion exits the die at elevated tem- 
peratures on the order of 1 49°C-649°C (300°-1 200° F) 
The extruded product is then commonly solution heat 
treated and quenched. The product may be made to var- 
ious lengths, including lengths in excess of 45.72 m (1 50 
feet), and may have any of a diverse variety of cross- 
sectional configurations. 

[0004] In order for the extrusions to be suitable as ve- 
hicle body components such as automobile roof rails 
they must be shaped into more complex configurations' 
Some processes employed in the prior art for shaping 
aluminum alloy extrusions include bending, stretch- 
forming and stretch-wrap forming. These prior art proc- 
esses perform adequately in instances where the de- 
gree of deformation is small or where dimensional tol- 
erances are large. However, there is still a need for an 
improved shaping process when large deformations are 
required and dimensional tolerances are small. 
[0005] A principal objective of the present invention is 
to provide a process for stretch -forming hollow metal 
bodies wherein an incompressible fluid means is pres- 
surized inside the bodies in order to reduce deviations 
from dimensional limits. 

[0006] A related objective of the invention is to provide 
a process for stretch-forming hollow metal bodies 
wherein the bodies undergo smaller deviations from de- 
sired dimensions than in the prior art. 
[0007] Additional objectives and advantages of the in- 
vention will become apparent to persons skilled in the 
art from the following specification and claims. 
[0008] In accordance with the present invention there 
is provided a process for forming elongated hollow metal 
bodies into desired shapes. The hollow metal bodies are 
preferably aluminum alloy extrusions. 
[0009] Some preferred aluminum alloys for the extru- 
sions of the invention are aluminum-copper alloys of the 
AA 2000 series, aluminum-magnesium-silicon alloys of 
the AA 6000 series and aluminum-zinc alloys of the AA 
7000 series. Extrusions preferred for use in the automo- 
tive and aircraft industries that may be stretch formed 
by the present invention include, but are not limited to 



the AA 2024, 6061, 60063, 6009 and 7075 aluminum 
alloys. 

[001 0] Extrusions that are shaped in accordance with 
the invention are elongated hollow bodies having op- 
posed, longitudinal end portions. The extrusions gener- 
ally start with a substantially uniform cross section from 
end to end. 

[001 1 ] End portions of the extrusions are gripped by 
the jaws of opposed grippers and the extrusion is en- 
'0 capsulated in a flexible constraining apparatus or toolinq 
that surrounds at least a portion of the outer periphery 
The constraining apparatus preferably surrounds sub- 
stantially the entire periphery. One suitable apparatus is 
shown and described in Weykamp U.S Patent 
5,349,839, which is incorporated by reference to the ex- 
tent consistent with the present invention. The flexible 
constraining apparatus resists formation of wrinkles and 
bulges in the extrusion while it is being deformed The 
extrusion is then stretched longitudinally by pulling the 
» end portions in opposite directions. Sufficient force is ex- 
erted on the grippers to exceed an elastic limit so that 
elongation through plastic deformation is initiated 
[0012] While the extrusion is being stretched longitu- 
dmally, it is bent transversely of the direction of pulling 
Bending is preferably accomplished by moving the ex- 
trusion forcibly against a forming die or shaping die Suf- 
ficient force is exerted to impart a contour to the extru- 
sion similar to the forming die contour. 
[0013] At least one of the end portions of the extrusion 
•s plugged by a sealing plug. Preferably, both end por- 
tions are plugged. The sealing plugs have ports through 
which an incompressible fluid or fluid means is transmit- 
ted into a hollow interior of the extrusion and removed 
therefrom. A preferred incompressible fluid is water 
preferably water containing an anti-rust agent to mini- 
mize damage to pipes, valves and gauges in the appa- 
ratus. Some other suitable incompressible fluids include 
mineral oil, silicone oil, polyglycols and mixtures of pol- 
yglycols with water. Compressible fluids such as air are 
™ unsuitable because of safety hazards they pose to op- 
erators of the apparatus at high pressures. 
[0014] The incompressible fluid is pressurized in a 
hollow interior of the extrusion afterthe extrusion is bent 
transversely. The fluid has sufficient pressure to deform 
at least part of the body outwardly of its hollow interior. 
In th.s step, the water has a pressure of about 1 00-5 000 
(07 SMPa) 1 ^^' Preferab ' y ab0Ut 1 0 0-3,000 ' psi 
[0015] The fluid may also be introduced under pres- 
to sure into the interior while the extrusion is being bent 
transversely. Here, the fluid has an initial pressure of 
less than about 100 psi (0.7 MPa), preferably in the 
range of about 0-50 psi (0-0.35 MPa). This pressure is 
sufficient to reduce undesired distortions in the extru- 
» sion during transverse bending. 

[001 6] Figure 1 is a schematic illustration of an appa- 
ratus for forming hollow metal bodies in accordance with 
the present invention. 
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[0017] Figure 2 is a perspective view of an aluminum 
alloy extrusion that has been formed in accordance with 
the invention. 

[0018] In the process of the present invention, alumi- 
num alloy extrusions are stretch-formed into shapes that 
are useful as vehicle body components such as auto- 
mobile roof rails. A stretch-forming apparatus 1 0 for car- 
rying out the process of the invention is shown in Figure 
1. 

[0019] The apparatus 10 includes a pair of opposed 
grippers or gripper assemblies 11, 12 having jaws 13, 
14 for gripping portions of an aluminum alloy extrusion 
20. A first jaw 13 grasps a first end portion 21 and a 
second jaw 14 grasps a second end portion 22 of the 
extrusion 20. The jaws 13, 14 selectively grip and re- 
lease the end portions 21, 22 upon command from an 
operator (not shown) of the apparatus 10. The gripper 
assemblies 1 1 , 1 2 are carried by die outer ends of piston 
rods 25, 26 of hydraulic cylinder assemblies (not 
shown). The cylinder assemblies support the gripper as- 
semblies 11,12 and are carried by adjustable mountings 
(not shown) to permit rotary movement in the direction 
of arrows A, B with respect to a forming die or shaping 
die 30. This is accomplished by moving the die 30 into 
the extrusion 20. Alternatively, the gripper assemblies 
11, 12 are swung back in the direction of arrows A, B. 
[0020] The piston rods 25, 26 cooperate with hydrau- 
lic cylinders to stretch the extrusion 20 a preselected 
magnitude. At the same time, rotary movement of the 
gripper assemblies 11 , 12 as indicated by the arrows A, 
B forms the extrusion 20 over the forming die 30. For 
parts having more complex shapes, the gripper assem- 
blies 11,12 may also be moved upwardly or downwardly 
or they may be twisted. 

[0021 ] Each gripper assembly 11,12 includes a plug 
or plug means 31 , 32 having a size and shape enabling 
it to engage and seal an open end 33, 34 of the extrusion 
20. A fluid-tight connection is established and main- 
tained between the plugs 31 , 32 and the open ends 33, 
34. One plug 31 has a fluid inlet port 37 and the other 
plug 32 has a fluid outlet port 38. The fluid inlet port 37 
is connected to a fluid supply system 40 that provides 
fluid to a hollow interior 42 of the extrusion 20. The outlet 
port 38 is connected to a fluid bleed line 45 for evacu- 
ating the incompressible fluid from the interior 42. 
[0022] The fluid supply system 40 includes a pressu- 
rized fluid reservoir 46 connected by a conduit 48 with 
the inlet port 37. The conduit 48 defines a flow path that 
includes a stop valve 50, an adjustable flow control valve 
52, a pressure gauge 54, a filter canister 56 and a one- 
way (non-backflow) check valve 58. 
[0023] The fluid bleed line 45 has an automatically op- 
erated, pressure bleed valve 60. Incompressible fluid 65 
exiting through the bleed line 45 may be sent to a waste 
treatment plant (not shown) for disposal. More prefera- 
bly, the used fluid 65 is recycled back to the fluid reser- 
voir 46 for reuse in the fluid supply system 40. 
[0024] An extrusion 20 is loaded into the apparatus 



10. The extrusion 20 preferably is made from an AA 
6061 alloy in the T4 temper. The extrusion is snugged 
against opposed lateral sides of a die 30. tripper jaws 
13, 14 firmly grasp the end portions 21 , 22. Water is in- 

5 troduced through the inlet port 37 into the interior 42 of 
the extrusion 20. A fluid pressure of approximately 10 
psi (0.07 MPa) is particularly preferred. Once filled, the 
fluid volume is kept constant by shutting off the stop 
valve 50 and the bleed valve 60. A low fluid pressure on 

10 the order of approximately 0-20 psi is preferred so that 
the extrusion 20 does not bulge when it is stretched and 
bent. 

[0025] The extrusion 20 is stretched longitudinally by 
moving the piston rods 25, 26 outwardly. The piston rods 
15 25, 26 are then rotated in the direction of the arrows A, 
B shown in Figure 1 to bend the extrusion 20 in conform- 
ity with the die 30. 

[0026] After the extrusion 20 is bent to a desired 
shape and while the extrusion 20 conforms to the die 

20 30, external tooling (not shown) is moved into a position 
adjacent the extrusion 20 and clamped in place to sup- 
port the outer surface of the extrusion 20. The external 
tooling resists formation of wrinkles and bulges in the 
extrusion during deformation. Then, with tension still be- 

25 ing maintained on the rods 25, 26, the valve 58 is 
opened. Water under a pressure of about 2,500 psi (1 7.3 
MPa) is introduced into the hollow interior 42 and kept 
there for about one or two seconds. Water 65 is vented 
from the interior 42 through die bleed line 45, tension on 

30 the end portions 21 , 22 is relaxed, and the gripper jaws 
13, 14 are released. 

[0027] A shaped extrusion 80 made in accordance 
with our invention is shown in Figure 2. The extrusion 
80 has a first end portion 81, a second end portion 82 

35 and a center portion 83. The first end portion 81 has a 
bend radius of about 7 times the part depth (7D bend). 
The second end portion 82 has a bend radius of about 
4 times the part depth (4D bend). The center portion 83 
has a bend radius of about 65 times the part depth (65D 

40 bend). Our experience with prior art bending methods 
is that dimensional tolerance problems are to be expect- 
ed in the end portions 81, 82 because of their tighter 
bend radii. 

[0028] We measured deviations from desired dimen- 
45 sions on the extrusion 80, before and after pressuring 
internally with water at 500 psi (3.5 MPa). Deviations of 
1 .7 mm and 1 .8 mm were both reduced to 0.2 mm or 
less in two examples. 

[0029] Having described the presently preferred em- 
50 bodiments, it is to be understood that the invention may 
be otherwise embodied within the scope of the append- 
ed claims. 



55 Claims 

1 . A process for forming into a desired shape an elon- 
gated hollow metal body (20) having opposed Ion- 
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gitudinal end portions (21 , 22), comprising: terior 
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(a) gripping said end portions of the body with 
grippers (13,14); 

( b) stretching said body longitudinally by pull- 
ing said end portions in opposite directions with 
sufficient force to exceed an elastic limit and to 
initiate elongation through plastic deformation; 

(c) while stretching said body longitudinally, 
bending the body between its ends transverse- 
ly of the direction of the pulling; and charater- 
ized by 

(d) after step (c) and while continuing to pull 
said end portions, pressurizing a hollow interior 
of the body with an incompressible fluid means 
at a pressure sufficient to deform at least part 
of the body outwardly of said interior 

2. The process of claim 1 further comprising: 

(e) relaxing said pulling and said pressurizing. 

3. The process of claim 1 further comprising: 



(e') while bending said body transversely, sup- 25 
porting said body internally with an incompress- 
ible fluid means contacting an interior wall of 
said body. 
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4. The process of claim 3, wherein said body compris- 
es an aluminum alloy extrusion and said fluid 
means has a pressure of less than about 100 psi 
(0.7 MPa) in step (e'). 

5. The process of claim 1 , wherein said body compris- 
es an aluminum alloy extrusion and said fluid 
means has a pressure of about 100-5,000 psi 
(0.7-35 MPa) in step (d). 

6. The process of claim 1 , wherein said body is an alu- 
minum alloy extrusion comprising an alloy of the AA 
2000, 6000 or 7000 series. 

7. The process of claim 1, wherein said fluid means 
comprises water. 

8. The process of claim 7, wherein said water contains 
an anti-rust agent. 

9. The process of claim 1 , wherein said fluid means is 
selected from the group consisting of water, mineral 
oil, silicone oil, polyglycols and polyglycol-water 
mixtures. 

10. The process of claim 1, wherein step (d) includes 
plugging at least one of said end portions with a 
sealing plug having a port through which said in- 
compressible fluid means is transmitted into said in- 



Verfahren zum Formen eines gestreckten Metall- 
hohlkorpers (20) zu einer gestreckten Form, wobei 
der Metallhohlkorper einander gegenuberliegende 
Langs-Endabschnitte (21 , 22) hat, welches Verfah- 
ren umfasst: 

(a) Einspannen der Endabschnitte des Korpers 
mit Greifvorrichtungen (13, 14); 

(b) Strecken des Korpers in Langsrichtung 
durch Ziehen der Endabschnitte in einander 
entgegengesetzte Richtungen mit ausreichen- 
der Kraft, urn eine Streckgrenze zu uberschrei- 
ten und durch plastische Verformung eine 
Streckung einzuleiten; 

(c) wahrend des Streckens des Korpers in 
Langsrichtung Biegen des Korpers zwischen 
seinen Enden quer zur Ziehrichtung; und da- 
durch gekennzeichnet, dass 

(d) nach Schritt (c) und wahrend der Fortset- 
zung des Ziehens der Endabschnitte den inne- 
ren Hohlraum des Korpers mit einem inkom- 
pressiblen Fluidmittel bei einem ausreichenden 
Druck Unterdrucksetzen, urn mindestens einen 
Teil des Korpers aus dem Innenraum heraus zu 
verformen. 



35 2. VerfahrennachAnspruch1,fernerumfassend: 

(e) Abklingenlassen des Ziehens und des Un- 
terdrucksetzens. 
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6. 



Verfahren nach Anspruch 1, ferner umfassend: 

(e') wahrend des Biegens des Korpers in Quer- 
richtung den Korper innen mit einem inkom- 
pressiblen Fluidmittel unterstutzen, das mit der 
Innenwand des Korpers in Kontakt steht. 

Verfahren nach Anspruch 3, bei welchem der Kor- 
per ein Aluminiumlegierung-Strangpressstuck auf- 
weist und das Fluidmittel in Schritt (e') einen Druck 
von weniger als etwa 0,7MPa (100psi) hat. 

Verfahren nach Anspruch 1, bei welchem der Kor- 
per ein Aluminiumlegierung-Strangpressstuck auf- 
weist und das Fluidmittel in Schritt (d) einen Druck 
von etwa 0,7 bis 35 MPA (100 bis 5.000psi) hat. 

Verfahren nach Anspruch 1, bei welchem der Kor- 
per ein Aluminiumlegierung-Strangpressstuck ist, 
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tact avec une paroi interieure dudit corps. 

4. Procede selon la revendication 3, selon lequel ledit 
corps comporte une extrusion d'alliage d'alumlnium 

5 et lesdits moyens de fluide ont une pression infe- 
rieure a environ 100 psi (0,7 MPa) dans I'etepe (e'). 

5. Procede selon la revendication 1 , dans lequel ledit 
corps comprend une extrusion d'alliage d'alumi- 

10 nium et lesdits moyens de fluide ont une pression 
d'environ 100 a 5000 psi (0,7 a 35 MPa) dans I'eta- 
pe (d). 

6. Procede selon la revendication 1 , dans lequel ledit 
15 corps est une extrusion d'alliage d'aluminium com- 

portant un alliage des series AA 2000, 6000 ou 
7000. 

7. Procede selon la revendication 1 , dans lequel les- 
20 dits moyens de fluide comportent de I'eau. 



aufweisend eine Legierung der Reihen AA 2000, 
6000 Oder 7000. 

7. Verfahren nach Anspruch 1 , bei welchem das Fluid- 
mittel Wasser aufweist. 

8. Verfahren nach Anspruch 7, bei welchem das Was- 
ser ein Rostschutzmittel enthalt. 

9. Verfahren nach Anspruch 1 , bei welchem das Fluid- 
mittel ausgewahlt ist aus der Gruppe, bestehend 
aus Wasser, Mineralol, Silikonol, Polyglykolen und 
Polyglykol-Wasser-Mischungen. 

1 0. Verfahren nach Anspruch 1 , bei welchem Schritt (d) 
das Verstopfen mindestens eines der Endabschnit- 
te mit einem Abdichtstopfen einschlieBt, der einen 
Durchgang aufweist, durch den das inkompressible 
Fluidmittel in dem Innenraum gefordert wird. 



Revendications 

1. Procede de formage en une forme souhaitee d'un 
corps metallique creux allonge (20) ayant des par- 
ties d'extremite longitudinales opposees (21, 22), 
comportant le fait de : 

(a) saisir lesdites parties d'extremite du corps 
avec des elements de saisie (13, 14), 

(b) etirer ledit corps longitudinalement en tirant 
lesdites parties d'extremite dans des directions 
opposees avec une force suffisante pour de- 
passer une limite eiastique et pour initier un al- 
longement grace a une deformation plastique; 

(c) tout en etirant ledit corps longitudinalement, 
centrer le corps entre ses extremites transver- 
salement a la direction de la traction; et 
caracterise par le fait de 

(d) apres I'etape (c) et tout en continuant a tirer 
lesdites parties d'extremite, mettre en pression 
I'interieur creux du corps avec des moyens de 
fluide incompressible a une pression suffisante 
pour deformer au moins une partie du corps 
vers I'exteheur dudit interieur. 

2. Procede selon la revendication 1, comportant en 
outre le fait de; 

(e) reiacher ladite traction et ladite mise en 
pression. 

3. Procede selon la revendication 1 , comportant en 
outre le fait de : 

(e') tout en cintrant ledit corps transversale- 
ment, supporter ledit corps interieurement avec 
des moyens de fluide incompressible en con- 



8. Procede selon la revendication 7, dans lequel ladite 
eau contient un agent antirouille. 

25 9. Procede selon la revendication 1 , dans lequel les- 
dits moyens de fluide sont choisis dans le groupe 
compose de I'eau, de I'huile minerale, de I'huile si- 
licone, des polyglycols et des melanges polyglycol- 
eau. 

30 

10. Procede selon la revendication 1 , dans lequel I'eta- 
pe (d) comprend le fait de boucher au moins une 
desdites parties d'extremite avec un bouchon 
d'etancheite ayant un orifice a travers lequel lesdits 
35 moyens de fluide incompressible sont transmis 
dans ledit interieur. 
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